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Balancing individual capabilities with occupational demands and workplace stressors is necessary to reduce stress and 
prevent ergonomic and safety hazards. This is particularly true in occupations like construction that are characterized by 
numerous stressors, intense perceived overall demands, environmental factors, physical and mental loads, awkward 
postures, and organizational and personal factors in particular in Saudi Arabia. The current study proposes a subjective tool 
for assessing the impact of stressors on overall task demand (OTD). The analytic hierarchy process (AHP) was used to 
estimate the OTD and identify the factors that contribute to it. The OTD assessment tool survey participants were 524 male 
and was validated at actual construction worksites with 168 workers distributed among 7 jobs. The findings showed that 
OTD was significantly affected by occupational demands and identified a relationship among OTD, physiological measures 
and the NASA-TLX score. The proposed framework can help decision-makers and supervisors identify task demands, 
determine risk factors, and develop strategies for balancing job demands and worker capability.  
Keywords: Overall demand estimation, AHP, Workloads and environment factors, Organizational factors,  
Construction occupations 
Introduction 
Increases in accidents, human errors, and lost work 
days and decreases in productivity are the results of task 
overloads (i.e., excessive physical and mental 
workloads) and environmental conditions, particularly in 
terms of physical workloads
1,2
. Other important factors 
that contribute significantly to increased task workloads 
include personal factors (e.g., age, gender and health)
3
 
and organizational factors (e.g., management 
commitment)
4
. Overall task demand (otd) measurement 
is necessary since it helps an organization’s management 
improve task design and performance and reduce 
ergonomic hazards (i.e., musculoskeletal disorders and 
fatigue)
5
. The objective of the current study is to  
propose a model of a subjective tool for assessing otd  
to help workplace supervisors carry out effective task 
demand assessments.  
 
Analytical hierarchy process (ahp) and overall 
task demand (otd) 
The analytical hierarchy process (AHP) was first 
used as a multi-criteria decision technique
6
. The AHP 
method uses subjective judgement and expert 
decisions to consider multiple alternatives or factors 
and sub-factors but does not provide measurements. 
The AHP helps users design a model for complex 
situations that are difficult to measure, such as tasks 
with multiple demands and uncertainty. Generally, 
AHP has been rarely used for safety risk assessment 
and ergonomic hazard evaluation
7
. From the 
ergonomic and OHS perspectives, it is necessary to 
satisfy a balance between workers’ physical and 
mental capabilities and their task demands as well as 
other stressors, such as environmental and 
management factors. Task demands assessment can 
help to determine this balance
8
. Good working 
conditions, adherence to safety rules and standards, 
appropriate workplace design, sufficient training 
courses are all organizational factors that can 
significantly reduce stress and fatigue, thereby 
decreasing OTD and hazards
9,10
. Task demand 
stressors in the workplace can classified into six main 
factors (MF): organizational factors (MF1), physical 
demand factors (MF2), mental demand factors (MF3), 
environmental factors (MF4), awkward postures 
(MF5) and personal factors (MF6). Furthermore, each 
main factor consists of sub-factors (SF), as shown in 
——————— 
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the AHP model (see Figure 1). For instance, the first 
main factor, organizational factors, is MF1, and its 
sub- factor management commitment is SF11, 
psychosocial issues is SF12, and job satisfaction  
is SF13, and so on for the other main factors and  
sub-factors. As the first step in the AHP method
7
  
the model frame-work was created, and the main 
objective was to estimate the OTD (first level). Level 
2 of the model consisted of the main factors (criteria) 
that contribute significantly to task demand 
fluctuation, and the bottom level (level 3) included  
the sub-factors (alternatives), as shown in Figure 1.  In  
the second step, subjective assessments of expert 
participants (i.e., respondents’ judgements) were 
collected to complete pairwise comparisons between 
the main factors or sub-factors in the model. 
However, pairwise comparisons between each  
factor and another factor were conducted to  
determine the relative importance and level of the 
effect. The comparison of each pair of main  
factors (level 2) in terms of OTD intensity perception 
(level 1) for expert judgement was assigned a  
number from 1-9 on the scale to indicate the level of 
the effect and the contributions of each factor to 
another factor. Thus, a comparison matrix for each 
main factor (level 2) in the model was created (n × n)  
A = (𝑎ij) (see equation 1) after the overall expert 
subjective assessments was calculated. The same 
process was used to compare the sub-factors (level 3) 
with their superior factors. 
 
 
Fig. 1 — Hierarchical structure model of the stressors that effect overall task demand level (*subordinate weigh score). 
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, 𝑎𝑖𝑗 ≠ 0                                  ... (1) 
Each expert was assigned a weight for each sub-
factor 𝑖 in level 3 of the model (e.g., organization 
factors) compared with a factor in the level above, so 
that six matrices (𝐴1, 𝐴2, 𝐴3, 𝐴4, 𝐴5, 𝐴6) were completed 
in a manner similar to that described for level 2.The 
OTD was determined via equation 2: 
OTD =  Wi
6
i=1
 ×   Wij Sij
n
j=1
6
i=1
                       …  (2) 
where 𝑊i refers to weighting of the main factors in 
the model (organizational factors, physical demands, 
mental demands, environmental factors, awkward 
postures and personal factors).𝑊ijrefers to the  
priority of each sub-factor under the main factor  
(see level 3 in the model).𝑆ijrepresents the score  
that was assigned by the expert for each sub-factor 
(see Figure 1) of the main factors in the model. 
According to the AHP analysis, the environmental 
aspects of the workplace were perceived as the most 
significant factor contributing to perceived OTD 
intensity, followed physical demands and awkward 
postures. Mental demands were the fourth greatest 
contributor to OTD intensity, followed by 
organizational factors. Personal factors were had  
the least significant impact on intensity of OTD  
(see Figure 1). In terms of sub-factors, noise stressors 
(under environmental factors) had the highest impact, 
with a normalized weight of 0.39, followed by 
chemical exposure (0.28). The object sub-factor had 
the highest impact on perceived physical demand, 
with a weight of 0.58 then, task duration with 0.21. 
The sub-factor that most significantly impacted 
awkward posture was stooping (0.49). Among mental 
demand factors, complexity of task received a priority 
weighting of 0.80. In terms of organizational factors, 
management commitment to safety and ergonomics 
had the greatest contribution, with a weight of 0.53. 
Finally, the item with the greatest impact on personal 
factors and the level of perceived OTD was health 
status (0.56) and the lowest was the knowledge and 
education (0.12). 
Study outcome measures and overall task demand (otd) model 
validation 
In total, 524 male responded and completed the 
questionnaire. Due to the large sample size and time 
limitations, the observers collected technical data (i.e., 
HR: CS600, Polar Electro, Inc., Kempele, Finland and 
BP: UA 767-PLUS-30 Memory, A&D Engineering, 
Inc, Canada) and calculated the rate-pressure product 
(RPP; beats.mmHg/min) for only 168 participants and 
RPP was calculated using the following equation used 
by De Meersman et al.
11
.Therefore, the participants 
were divided into two groups: survey participants 
(524 participants) and those who completed the 
practical data measurements (168 participants) as 
showed in Table 1. The questionnaire was divided 
into demographic characteristics (age, weight, height, 
number of years in the current job, education level), 
as presented in Table 1.The second part was regarding 
the management’s commitment survey to safety and 
ergonomics was based on questions obtained  
from previous studies
8
 and included 9 items (e.g., 
‘management is committed to providing appropriate 
safety and ergonomics training). After that, 
psychosocial factors (5 items) were scored using the 
Job Content Questionnaire (JCQ)
12
. The JCQ 
examines decision-making latitude, physical job 
demands, mental job demands, occupational physical 
hazards and social supports. To assess general health 
status, each participant completed the Health-Related 
Quality of Life (HRQoL) survey which is based on 
the Rand 36-Item Health Survey (RAND-36)
13
. A 5-
point Likert scale was used in the present research
14
. 
Table 2 presents the terms used for each factor.  
The scores ranged from 0 to 1; 1 indicated a high 
perceived load, 0 indicated a low perceived OTD, and 
0.2 was the intermission value reflecting the linguistic 
value of each factor and sub-factor in the AHP model. 
In this part of the current research study, the 
validation of the OTD estimation proposed model  
was conducted under real-life conditions in the 
construction industry. The construction industry was 
selected because construction sites include dynamic 
occupational tasks that are physically demanding and 
take place in a highly risky environment. Physical 
demands and the manual handling of materials (i.e., 
pushing, and lifting tasks), awkward postures
15
 and 
poor environmental conditions in construction
16
.  
To validate and compare the score of proposed  
model, different construction tasks were selected  
(see Table 3). The number of work absences for 
occupational reasons,  such  as  illness,  accidents  and  
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Table 1 — The demographic characteristics of all the participants 
Variables Questionnaire participants (n=524) Practical participants (n=168) 
Age, years; no. (%)    
19-24 62 (11.8) 21 (12.6) 
25-30 113 (21.6) 34 (20.5) 
30-39 160 (30.5) 51 (30.2) 
40-49 131 (25.0) 45 (26.9) 
≥50 58 (11.1) 17 (9.5) 
Work experience, years (mean ± SD) 12.7± 4.3 10.8± 3.6 
Education, degree; no. (%)   
Primary school 56 (10.6) 21 (12.9) 
High school 134 (25.7) 44 (26.6) 
Diploma 182 (34.9) 59 (33.3) 
BSc 125 (23.9) 34 (20.6) 
MSc 27 (5.1) 10 (6.3) 
Weight, kg 86.2±7.8 82.4±9.6 
Height, cm 175.1±6.7 173.2±5.9 
Smoker; no. (%) 78 (35.8) 11 (17.5) 
Resting HR, beats/min (mean ± SD) NA 72.7±5.6 
Resting SBP, mmHg (mean ± SD) NA 125.6±10.3 
Resting DBP, mmHg (mean ± SD) NA 82.4±8.7 
 
Table 2 — The AHP factors and their term sets for the construction industry 
1. Organizational factors (F1) AHP Linguistic Terms 
Management commitment to safety and 
ergonomics (SF11) 
Very poor Poor Good Very good Excellent 
Psychosocial issues (SF12) Poor Fair Good Very good Excellent 
Job satisfaction (SF13) Very dissatisfied Dissatisfied Moderately 
satisfied 
Satisfied Very satisfied 
2. Physical demand factors (F2) AHP Linguistic Terms 
Weight of objects (SF21) Too light Light Moderate Heavy Too heavy 
Task duration (SF22) Extremely short Short Moderate Long Extremely long 
Task repetition (SF23) Too low Low Medium High Too high 
Distance (SF24) Very near Near Medium Far Very far 
3. Mental demand factors (F3) AHP Linguistic Terms 
Complexity (SF31) Very simple Simple Moderate Difficult Very Difficult 
Time pressure (SF32) Very low Low Moderate High Very high 
4. Environmental factors (F4) AHP Linguistic Terms 
Weather (SF41) Very poor Poor Acceptable Good Very good 
Lighting (SF42) Extremely 
improper 
Improper Proper Highly proper Extremely proper 
Noise (SF43) Very low noise Low noise Normal Noisy Too noisy 
Vibration (SF44) Excessively low 
vibration 
Low vibration Moderate High vibration Excessively high 
vibration 
Chemical materials (SF45) Very low hazards Low hazards Intermediate Hazardous Extremely hazardous 
(Contd.) 
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Table 2 — The AHP factors and their term sets for the construction industry (Contd.) 
5. Awkward posture factors (F5) AHP Linguistic Terms 
Stooping (SF51) Very low stressful Low stressful Moderate Stressful Highly stressful 
Squatting (SF52) Very low stressful Low stressful Moderate Stressful Highly stressful 
Twisting (SF53) Very low stressful Low stressful Moderate Stressful Highly stressful 
Standing (SF54) Very low stressful Low stressful Moderate Stressful Highly stressful 
6. Personal factors (F6) AHP Linguistic Terms 
Age (SF61) Too young Young Middle aged Ageing Older 
Worker knowledge and education (SF62) Poor Fair Good Very good Excellent 
Health (SF63) Poor Fair Good Very good Excellent 
 
 
Table 3 — (a) Construction occupations with task descriptions, number of participants, OTD scores, physiological measures, TLX scores 
and number of lost days and, (b) OTD score categories for use as an assessment tool versus working pulse rate (WP) 
Type of 
occupation 
Occupational activities No. of 
participants 
OTD 
M (SD) 
WHR  
M (SD) 
SBP 
M (SD) 
RPP 
M (SD) 
TLX 
M (SD) 
No. days 
lost 
Safety 
engineer 
Worksite safety inspection,  
safety reporting, hazard 
recording, worksite safety  
control, risk assessment. 
19 0.42 
(0.12) 
83.3 
(8.2) 
121.4 
(9.7) 
10.1 
(2.4) 
38.8 
(6.9) 
4 
Worksite 
supervisor 
Assigning tasks for workers, 
ordering materials, giving 
instructions, monitoring and 
managing worksite activities, 
determining the workplace layout 
and worksite arrangement. 
21 0.53  
(0.07) 
91.2 
(11.4) 
124.9 
(10.2) 
11.3 
(1.8) 
42.6 
(9.1) 
11 
Workers         
Carpenter Lifting tools; carrying wood 
materials; preparing window 
frames, door frames, etc.; 
assembling materials with nails 
and screws; cutting wood. 
26 0.85  
(0.06) 
128.7 
(13.1) 
141.1 
(12.4) 
18.1 
(2.8) 
78.6 
(8.3) 
34 
Scaffolding 
worker 
Carrying rails, planks and  
ladders for scaffolding; 
assembling the rails and base of 
the scaffold; arranging planks; 
disassembling the scaffolding; 
cleaning the location. 
31 0.77  
(0.04) 
113.2 
(9.8) 
134.3 
(9.7) 
15.6 
(1.4) 
68.7 
(6.4) 
23 
Mason  Lifting concrete blocks, laying 
blocks, building walls, shaping 
structures, handling materials. 
33 0.79  
(0.14) 
121.7 
(11.2) 
146.4 
(8.6) 
17.8 
(2.6) 
72.2 
(7.6) 
28 
Concrete 
worker 
Distributing cement, filling areas 
with cement, compacting the 
concrete mixture in the formwork. 
22 0.68  
(0.11) 
115.8 
(12.4) 
126.1 
(10.6) 
13.8 
(3.2) 
66.4 
(9.8) 
27 
Crane 
operator 
Checking for safety issues, 
operating cranes, controlling the 
lever and pedal to rotate the 
crane, lifting and shifting 
machines and heavy materials  
at the worksite.  
16 0.65  
(0.08) 
109.5 
(9.9) 
131.6 
(11.2) 
14.9 
(1.7) 
61.8 
(7.4) 
17 
       (Contd.) 
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Fig. 2 — Working pulse rate values associated with each 
construction occupation. 
 
pain, for the last three years was obtained from the 
workers’ records. Furthermore, the subjective NASA-
TLX assessment was completed to reflect the overall 
workload for each task
17
. 
 
Results and Discussion 
The technical outcome measures of the current 
field study were observed for 168 participants in 
different type of construction jobs. An independent  
T-test found no significant differences between the 
questionnaire group and the practical group (p > 0.05) 
for any demographic variable except smoking  
(p = 0.031), as illustrated in Table1. The analysis 
showed that carpenters had the highest OTD score. 
Their OTD score was significantly higher than those 
of safety engineers, worksite supervisors, scaffolding 
workers, masons, concrete workers and crane 
operators (p< 0.05; see Table 3). There was no 
significant difference in OTD scores scaffolding 
workers and masons (p = 0.104) or between concrete 
workers and crane operators (p = 0.091). There were 
significant differences between the OTD scores of 
scaffolding workers and concrete workers (p< 0.05) 
and between masons and concrete workers (p< 0.05; 
Table 3). The highest OTD score was observed for 
carpenters, followed by masons and scaffolding 
workers, whereas the lowest score was observed for 
safety engineers. This may be because carpentry 
requires a highly demanding level of physical activity. 
Additionally, carpenters, masons and scaffolding 
workers work outdoors and are exposed to various 
environmental factors, such as noise and temperature. 
These results are similar to the findings of the NASA-
TLX score analysis in the current study, in which 
carpenters had an average NASA-TLX score of 78.6 
(see Table 3), which was significantly higher than that 
of other construction workers (p< 0.05).  
In term of physiological measures, the average HR, 
WP, SBP and RPP were significantly higher among 
the carpenters (p< 0.05). These results are compatible 
with the subjective tools that were used in the current 
study: the proposed model (OTD) and the NASA-
TLX score. As Table 3 (a) shows, carpenters had the 
highest working HR (128.7); the T-test analysis 
showed that this value was significantly higher  
(p< 0.05) than those of the other occupational groups. 
In contrast, safety engineers had the lowest working 
HR (p< 0.05). Similarly, the highest WP and RPP 
values were observed for carpenters, followed by 
masons. Additionally, there was no significant 
differences in RPP value between the carpenters and 
masons (p = 0.207). This may be because the masons 
had a higher average SBP than the carpenters, as 
Table 3 (a) shows, and the RPP value is related to HR 
and SBP. Carpentry task was categorized as having a 
high demand level, while masonry was placed in the 
moderate demand category
18
. Safety engineers had the 
lowest WP and RPP values. These results are 
consistent with Lunde et al.
18
 who reported that 
relative HR was significantly increased among 
carpenters and masons in construction workplaces as 
these jobs involve high overall workloads and poor 
environmental conditions (noise and weather). 
Sembulingam et al.
19
 stated that jobs characterized by 
heavy demands and a poor work environment place 
negative stress on cardiac functions and oxygen 
consumption, which leads to potential fatigue and 
body strain. In terms of the number of work days lost 
for work-related reasons, such as illness and pain, 
Table 3 — (a) Construction occupations with task descriptions, number of participants, OTD scores, physiological measures, TLX scores 
and number of lost days and, (b) OTD score categories for use as an assessment tool versus working pulse rate (WP) (Contd.) 
Reported OTD level  Working pulse rate (b/min) OTD (unnormalized) OTD (normalized) 
Extremely low  0 - 10 0.00 – 0.40 0.00 – 0.26 
Low 10 - 40 0.40 – 0.62 0.26 – 0.40 
Moderate 40 - 65 0.62 – 0.88 0.40 – 0.59 
High 65 - 90 0.88 – 1.15 0.59 – 0.79 
Extremely high 90 - 115 1.15 – 1.46 0.79 – 1.00 
 
BASAHEL: FROM THE PROSPECTIVE OF ERGONOMICS: ESTIMATING OVERALL STRESSORS 
 
 
657 
there were 144 total days recorded for these 
occupations during the study period. The recorded 
data indicated that the number of days absent due to 
illness and pain was highest among carpenters 
(approximately 23.6% of total days)as Table 3 (a) 
shows.In addition the results showed that there was no 
significance difference in OTD scores among 
qualification level groups. It has been mentioned 
education level does not impact among physical 
demanding tasks
8
 but can be significant among 
complex mental tasks
18
. The analysis indicated that 
high OTD scores were significantly associated with 
poor health. This finding is consistent with previous 
research indicating that construction workers with 
self-reported participation in highly demanding 
activities during work and an unhealthy condition 
(bodily pain disorders, heart disease and anxiety) 
reported a high task workload and poor work ability 
compared with healthy workers
20
. Sorensen et al., 
reported that low general HRQoL scores were 
significantly associated with low work ability and 
individuals’ perceptions of high task demands12.To 
establish demand-level categories for the proposed 
assessment tool (OTD) in the present study, the 
regression analysis technique was used to determine 
these categories, and the WP was measured because it 
is significantly associated with HR changes (HR level 
at baseline and during work). HR is sensitive to 
changes in physical activity
3
, mental demand
11
 and 
workplace stressors such as psychological stress and 
environmental factors (temperature and noise)
16
. The 
linear relationship equation for the OTD score as a 
dependent variable and WP as an independent 
variable is y = 12.833x – 2.5152 and R2 = 0.7196. 
Using the highest value for OTD, the WP variable 
was normalized, and the categories of OTD scores in 
terms of demand levels rather than WP classifications, 
as mentioned previously, were created see Table 3 (b). 
 
Conclusions 
In this paper, we proposed a framework  
for estimating OTD and based on an AHP multi-
decision-making technique. To build the framework, 
the main job demand stressors were considered: 
organizational factors, physical demand, mental 
demand, environmental workplace factors, awkward 
postures and personal factors. Numerous subjective 
assessment tools have been used and validated to 
evaluate job demands, and objective measures have 
been used to clarify and test the level of task demand. 
Most of these tools and measures are used to help 
designers and supervisors identify workload levels, 
but they are sensitive to specific stressors rather than 
the complex job demands in the workplace. In 
addition, objective measures are sometimes difficult 
to implement and use in the field. Therefore, the 
present study aimed to establish a subjective 
assessment tool for overload to identify the causes of 
increases in perceived job demands. Environmental 
factors, particularly noise, showed the greatest effects 
on overall job demands. The second highest priority 
was physical factors, followed by awkward postures, 
mental demands, organizational factors and personal 
factors. The present model will help supervisors and 
designers strike a balance between workplace 
conditions and stressors to obtain optimum levels of 
OTD and decrease ergonomic hazards.  
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